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ABSTRACT
A prototype multiparameter data acquisition net­ 
work, installed and operated by the U. S. Geolog­ 
ical Survey is a viable approach for obtaining near 
real-time data needed to solve hydrologic prob­ 
lems confronting nearly 2. 5 million residents of 
south Florida. Selected water quantity and quality 
data obtained from ground stations are trans­ 
mitted for relay via ERTS-1 to NASA receiving 
stations in virtual real time. This data-relay 
system has been very reliable and, by coupling 
the ground information with ERTS imagery, a 
modeling technique is available for water re­ 
source management in south Florida. For ex­ 
ample, water stage is correlated with water- 
surface areas to provide water stage-volume re­ 
lations in near real-time for management de­ 
cisions concerning the distribution of water to 
people, fauna, and flora of southern Florida. An 
overall water-resource model will be generated 
when the other aspects (stage-seepage, climate, 
evapotranspiration, water control releases to salt 
water, etc. ) are incorporated.
An ecological model has been designed'for the 
Shark River Slough in Everglades National Park. 
This model uses areal measurements of water 
surface from ERTS data in conjunction with an 
aquatic animal sampling program to determine 
density of aquatic animals in the Shark River 
Slough. These data are then used by U. S. 
National Park Service ornithologists to make de­ 
cisions for regulation of water during the bird 
rookery season in Everglades National Park.
INTRODUCTION
The objective of this investigation is to combine 
the use of the ERTS-1 Data Collection System 
(DCS) for ground truthing the multispectral scan­ 
ner imagery (MSS) for the development of two 
prototype operational surface-water models: 
(1) Water management model and (Z) Ecological 
model. The final product will be determination 
of a water budget (Figure 1) for the Everglades
basin (Figure Z), Conservation Areas 1, 2, and 
3 and Shark River Slough (Figure 3). The hydro- 
logic conditions are now made available on a daily 
basis to the Federal and State management agen­ 
cies that are responsible for management of water 
within the Everglades. A water budget will be pro­ 
duced on a near real-time basis using a combi­ 
nation of the ERTS-1 MSS and DCS data, Pauls on 
(1), Schumann (Z), and Cooper (3) applied similar 
techniques to operational systems with a DCS 
capability; Gray be 11 (4) and Deutsch (5) used MSS 
to determine surface-water distribution, Ander- 
son (6) used the MSS imagery to identify and map 
vegetative communities within wetlands. Reeves 
(7) used successive passes of ERTS imagery of 
play a lakes in the Texas High Plains to demon­ 
strate the dynamics of surface-water distribution 
within the lakes. However,, this current investi­ 
gation combines an operational ERTS data col­ 
lection system with the multispectral scanner data,.
WATER MANAGEMENT MODEL,
The water supply for southeast Florida, with a 
population of 2. 5 million, depends upon the re­ 
tention of water in four major impoundment areas 
(Figure 3): (1) Lake Okeechobee, (2) Conserva­ 
tion Area No. 1, (3) Conservation Area No. 2, 
and (4) Conservation Area No. 3. Shark River 
Slough, an important source of water for Ever­ 
glades National Park, at the downstream end of 
these interconnected water bodies, also depends 
upon overland flow from adjoining Conservation 
Area No. 3. An accurate accounting of the 
amount of water in surface storage is difficult 
because land-surface profiles are not available. 
The shallow water depths of 0. 3 to 1. 0 meter, the 
flat terrain, the abundant vegetation, and the vast 
area of 3,600 square kilometers in the Everglades 
preclude the feasibility of determing accurate 
volumes by standard methods. In the Conser­ 
vation Areas and the Shark River Slough, the 
water does not pond in the usual manner, but 
slowly flows over the gently sloping land surface.
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Several water budget studies for the conservation 
areas are underway by Federal (U. 8. Corps of 
Engineers) and State water-management agencies 
(Central and Southern Florida Flood Control Dis­ 
trict). Elements that need more accurate defi­ 
nition in the existing water budget studies are 
rainfall, evapotranspiration, seepage losses and 
surface storage.
The ERTS water management model uses the DCS
to provide quant it ive in situ data on the elevation 
of the water surface (Figure 4) and MSS data to' 
provide information on the areal extent of the 
water surface, Knowing the relation between the 
surface-water area and surface elevation for the 
range of water levels, the storage can, then, be 
calculated (Figure 5). Additionally, 'toowing the 
change in storage and the surface inflow and. out- 
flow (input and output) from the system, it is pos- 
sible to calculate evapotranspiration and seepage 
(Figure 6).
.At, present the DCS data are transmitted from the 
Everglades stations (Figures 7 and 8) to the 
satellite and relayed to the two ground, tracking 
stations at Goddard Space Flight Center (GSFC), 
Green, beltj Md. and Goldstone, Calif. The data 
are then, transmitted by teletype from GSFC, 
Green be It, Md. (Figure 9) to the Miami Office of 
the U. S. Geological Survey. The perforated 
teletype tape is then processed daily through a 
mini-computer (Figure 10) to convert the data to 
engineering units and place it into a format that 
has been requested by the Corps of Engineers., 
The data are then transmitted to the Corps of En- 
gineers in Jacksonville, Florida by telecopier.. 
The time required for the transmission of data 
from, the Everglades via the satellite.,, the NASA 
track ing s t at io n s, and the U, S, Goo lo g ic al Sur v e y 
to the Corps of Engineers is less than, two hours.
ERTS multispectral imagery of Florida, is ob­ 
tained every 18 days from an altitude of approxi- 
mately 900 kilometers. This data is transmitted 
from the satellite to Goddard, Space Flight, Center 
or Goldstone Tracking Station in digital format. 
The digital, tapes are then, mailed to the Miami 
Office of the U. S. Geological Survey. Several. 
systems have been, used to extract spectral infor- 
mation from these tapes to construct thematic 
maps. Electronic processing of the ERTS MSS 
data, has been accomplished using the computer 
facilities of G,E Corporation, Stanford .Research 
Institute, Bcndix, and IBM, Corporation to pro­ 
duce different, types of maps by computer*
The DCS part of the model is operational. How­ 
ever, the imagery part of the progrem is not yet 
operational because imagery data are not received 
from NASA on. a near real-time basis (approxi­ 
mately 8 weeks after an, .ERTS pass) and the
processing time (Figure 4) may take up to a week 
per frame* Between February 14 and March 22, 
1973 three successive sets of the ERTS-MSS data
were combined with existing ground-truth data 
(Figures 11, 12, .and 13) and the DCS data for 
Conservation Area 1* During this period the 
water level is were dropping (Figure 14). For 
February 14 through March 22 the evapotrans- 
piration and seepage,, surface water distribution, 
and storage were for the Conservation Area I 
(Figures 5 and 6)* This trial run indicated that 
an operational water*management model for the 
Eve r glade is bas in is f e as ible.
ECOLOGICAL MODEL
Thousands of years of seasonally fluctuating water 
supply, punctuated periodically with drought or
iua.season.ally heavy rain, resulted in a natural 
'balance of plant and animal communities. Water 
fluctuations, along with fires and hurricanes, 
contributed to the shaping of the ecological com­ 
munities, 1, e, , the tree islands (composed of 
woody vegetation) and grassland communities 
(wetprari.es and sawgrass marshes). However, 
this natural ecological balance is now influenced 
by a modified water regime, altered by water 
control within the Kissimee-Okeechobee-Ever­ 
glades watershed for flood control, crop irri­ 
gation, and coastal-urban use. The Central and 
Southern Florida Flood Control District manages 
this watershed that contains more than 22, 500 
kilometers of canals and levees.
An effect of water deficiencies in Everglades 
National Park is the failure of wood storks (Fig­ 
ure 14) to form rookeries. Wood storks nest in 
winter at the inner edge of the mangrove belt in 
the park (south Dade and north Monroe Counties). 
According to John Ogden, Ornithologist, U. S. 
National Park Service (personal communications), 
the wood storks were successful in 1959, I960, 
and 1961, but failed for five successive years 
(1962-1966), when low rainfall in south Florida 
resulted in prolonged drought in the park.
The success or failure of wood stork rookeries is 
a significant index of hydrologic conditions in the 
park. Wood stork studies in Everglades National 
Park by Kushlan (8) suggested a working hypothe­ 
sis for establishing the water conditions of Shark 
River Slough, the largest fresh-water course in 
the park, needed for successful formation of these 
rookeries. A prediction of success or failure of 
the rookeries at the inner edge of the mangrove 
belt could be made in November of each year with 
the assistance of processed ERTS data. Novem­ 
ber marks the beginning of the dry season and 
precedes the height of rookery formation by ap­ 
proximately two months. The prediction can be
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based on recorded water-level measurements to­ 
gether with a synoptic view of the spatial distri­ 
bution of surface water and on the density of small 
aquatic animals collected in quantitative traps 
(Higer, 9).
The ecological model is designed to relate the 
wildlife in the Shark River Slough to the availa­ 
bility of food and water. In an ongoing study with 
the National Park Service over 50, 000 aquatic 
animals have been trapped (Kolipinski, 10). The 
species numbers and hydrologic data are entered 
into a digital computer program that provides 
statistical summaries of species distributions 
and water depths at point locations in the slough. 
Time-variant synoptic displays using ERTS-MSS 
imagery taken concurrently with stage and rain­ 
fall data presently being collected from DCS may 
provide the following information to develop an 
ecological model (Figure 16):
1. Knowledge of the quantity of water 
stored in the slough.
2. Knowledge of the spatial distribution of 
water (Figure 17) in the slough as it relates to 
available food for the bird rookeries.
3. Quantitative hydrologic data that allow 
management to know where and when to increase 
water into the slough from the upstream water 
storage areas.
4. Ability to predict the number of aquatic 
animals in the slough and the success or failure 
of the rookeries, dependent on the hydrologic 
regime.
DISCUSSION
The importance of the space-relayed data can be 
shown by a comparison of the accuracy and fre­ 
quency of that data received through the Miami 
USGS teletype with data from the existing remote 
radio transmission systems in southern Florida. 
The great "line of sight" distances involved in the 
radio transmitted systems often provides rare 
and garbled data messages. The frequent meteor- 
logic disturbances in southern Florida prevent the 
transmission of the accurate synoptic information 
on rainfall and water stage that is essential in 
managing the water for optimum values of conser­ 
vation. ERTS-1 has been providing the USGS with 
5 transmissions per day of these parameters and 
an opportunity to service faulty platform record­ 
ers within 24 hours. This enhances the oppor­ 
tunity for a constant flow of information and 
makes it possible for the U. S. Corps of En­ 
gineers to make daily decisions to optimize its 
water-control policy to conserve a greater
proportion of the seasonally deficient water 
resource.
Sufficient water must be maintained in the Shark 
River Slough of the Everglades National Park to 
preserve the aquatic community and the several 
bird and mammal species w hie hi feed primarily 
on fish. The amount and time of water releases 
to the park is a management reaction decision 
based on very limited information on the water 
storage that may be available to the north, of the 
Park. Small scale thematic maps of water levels 
provide an accurate evaluation, of water distri­ 
bution. A gradual reduction of water levels prior 
to bird rookery formation, would result in the 
concentration of fish in the Shark River Slough 
that may ensure adequate food for successful 
hatches of several rare and endangered bird. 
species (Kushlan, 8).
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ILLUSTRATIONS
Figure 1. Schematic diagram of a water budget 
for the Everglades water basin. 
Figure 2. Photo mosaic of Florida, compiled 
from sixteen ERTS-1 images between October 
1972- April 1973 of band 7 of the multispectral 
scanner. The delineated area is the Everglades 
water basin.
Figure 3. An ERTS-1 multispectral image, 
band 7, March 22, 1973, NASA, E-1242-15240, 
of south Florida. The areas outlined are: Con­ 
servation Area 1, Conservation Area 2, Conser­ 
vation Area 3, Shark River Slough, and Lake 
Okeechobee (southern end can be seen in photo). 
Figure 4. A schematic of the proposed system 
of parameters that are being connected to data 
collection platforms in the water management 
areas in Florida. The sample and hold memory 
system developed by the USGS-EROS Program 
will allow between 18 and 24 hours of data daily 
to be collected of the needed parameters to com­ 
plete a water quality and quantity budget. 
Figure 5. Schematic of the application of using 
space-relayed data to calculate surface water 
storage. ERTS data of three successive passes 
on February 14, March 4, and March 22, 1973 of 
Conservation Area I were used to demonstrate the 
feasibility of this method of determining surface 
water storage.
Figure 6. Schematic of the application of using 
space-relayed data to calculate evapotranspiration 
and seepage. ERTS data of three successive pas­ 
ses on February 14, March 4, and March 22, 
1973 of Conservation Area I were used to demon­ 
strate the feasibility of this method of determin­ 
ing evapotranspiration and seepage. 
Figure 7. Data collection platform in the Shark 
River Slough, Everglades National Park. These
stations collect and transmit water level and 
rainfall data for relay by ERTS-1. 
Figure 8. Schematic diagram of the Everglades 
basin showing relative locations of the data col­ 
lection platforms (DCP) within the three conser­ 
vation areas and the Shark River Slough. 
Figure 9. Data are transmitted from the Data 
Collection Platforms in the Everglades (A) via 
ERTS-1 to NASA tracking stations at Goldstone, 
Calif, and GSFC, Greenbelt, Md. (B). The data 
are then transmitted, via NASA communications 
network, to the Miami Office of USGS (C). 
Figure 10. ERTS-1 DCS data are processed with 
a mini- computer system at the Miami Office of 
the USGS. The data are then relayed to water 
management agencies by telephone telecopier. 
Figure 11. Location of ground truth stations 
used in the evaluation of the February 4, March 
22, 1973 MSS data for Conservation Area I. 
Figure 12. Hydrologic measurements compiled 
for interpreting the MSS data for February 14, 
March 22, 1973 in Conservation Area I. 
Figure 13. Ground-truth team collecting data 
such as plant community identification and soil 
characteristics in Conservation Area I for Feb­ 
ruary 14-March 22, 1973.
Figure 14. Hydrographs compiled from data re­ 
layed from three DCP's in Conservation Area I, 
February 14-March 22, 1973. During this period 
there were three passes of ERTS-1 to collect 
MSS data of Conservation Area I.
Figure 15. Wood storks feeding on small aquatic 
animals in shallow ponded waters. 
Figure 16. Schematic representing the general 
concept of the ecological model. The interre­ 
lation of surface water distribution and water 
level, the amount of small aquatic animals avail­ 
able and the wood stork depended on both the hy­ 
dro logic conditions and the availability of food in 
order to form successful rookeries. 
Figure 17. Schematic indicating how the? con­ 
struction of the DCS data and MSS data are used 
to determine quantity of water distributed in the 
Shark River Slou»h.
3-4
WATER BUDGET =
FIGURE 1. Schematic diagram of a water budget for 
the Everglades water basin.
FIGURE 2. Photo mosaic of Florida, compiled from sixteen 
ERTS-1 images between October 197Z- April 1973 
of band 7 of the multispectral scanner. The de­ 
lineated area is the Everglades water basin.
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FIGURE 3.
An ERTS-1 multispectral image, band 7, March 22, 1973, 
NASA, E-1242- 15240, of south Florida. The areas outlined 
are: Conservation Area 1, Conservation Area 2, Conser­ 
vation Area 3, Shark River Slough, and Lake Okeechobee 
(southern end can be seen in photo).
FIGURE 4.
A schematic of the proposed system of parameters that 
are being connected to data collection platforms in the 
water management areas in Florida. The sample and 
hold memory system developed by the USGS-EROS Pro­ 
gram will allow between 18 and 24 hours of data daily to 
be collected of the needed parameters to complete a 
water quality and quantity budget.
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FIGURE 5. Schematic of the application of using space-relayed data 
to calculate surface water storage. ERTS data of three 
successive passes on February 14, March 4, and March 
22, 1973 of Conservation Area I were used to demonstrate 
the feasibility of this method of determining surface water 
storage.
FEB 14, 1973
FIGURE 6.
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Schematic of the application of using space-relayed 
data to calculate evapotranspiration and seepage. 
ERTS data of three successive passes on February 14, 
March 4, and March 22, 1973 of Conservation Area I 
were used to demonstrate the feasibility of this method 
of determining evapotranspiration and seepage.
j|
FIGURE 7. Data collection platform in the Shark River Slough, 
Everglades National Park, These stations collect
and transmit water level and rainfall data for relay by ERTS-1.
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FIGUR E 8 • Sc hemat ic d ia g r am o f the Ev erglades has in s ho wing
relative locations of the data collection platforms (DCP) 
within the three conservation areas and the Shark River 
Slough.
FIGURE 9. Data are transmitted from the Data Collection Platforms 
in the Everglades (A) via ERTS-1 to NASA tracking 
stations at Go Id stone, Calif, and GSFC, Greenbelt, Md. 
(B). The data are then transmitted, via NASA communi­ 
cations network, to the Miami Office of USGS (C).
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FIGURE 10: ERTS-1 DCS data are processed with a mini­ 
computer system at the Miami Office of the USGS. 
The data are then relayed to water management 
agencies by telephone telecopier.
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FIGURE 11. Location of ground truth stations used in the evaluation
of the February 4, March 22, 1973 MSS data for Conservation Area I.
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FIGURE 12. Hydrologic measurements compiled for interpreting the
MSS data for February 14, March 22, 1973 in Conservation Area I,
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FIGURE 13, Ground-truth team collecting data such as plant 
community identification and soil characteristics 
in Conservation Area I for February 14-March 22, 
1973.
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FIGURE 14. Hydrographs compiled from data relayed from three 
DCP's in Conservation Area I, February 14- March 
22, 1973. During this period there were three passes 
of ERTS-1 to collect MSS data of Conservation Area I.
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FIGURE 15. Wood storks feeding on small aquatic animals in shallow 
ponded waters.
ECOLOGICAL
I 14 1
FIGURE 16. Schematic representing the general concept of 
the ecological model. The interrelation of 
surface water distribution and water level, the 
amount of small aquatic animals available and 
the wood stork depended on both the hydrologic 
conditions and the availability of food in order 
to form successful rookeries.
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FIGURE 17. Schematic indicating how the construction of 
the DCS data and MSS data are used to deter­ 
mine quantity of water distributed in the Shark 
River Slough.
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